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Regenerative medicine
 An interdisciplinary field of research
and clinical applications.(1)
5
Focused on the 
repair, 
replacement or
regeneration of 
cells, tissues or 
organs
Restore impaired
function resulting 
from congenital
defects, disease, 
trauma and aging
www.popsci.com/tags/tissue-engineering
A combination of converging 
technological approaches That 
Moves it beyond traditional 
transplantation and replacement 
therapies(1)
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 Include the use of soluble molecules, gene therapy, stem 
and progenitor cell therapy, tissue engineering , natural 
and synthetic biomaterials and the reprogramming of cell 
and tissue types(1)
www.popsci.com/tags/tissue-engineering
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 For all these different aspects in RM research, (i)
cell/tissue/organ type, (ii) cause of damage and (iii) 
regenerative strategy, reliable models are needed that 
resemble the in vivo situation as closely as possible.(1)
Often stimulate 
and support the 
body’s self-
healing capacity
www.exponent.com
Regenerative medicine
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Biomimetic design of the scaffolds, 
including 3D structural characteristics 
and physical properties, can substantially 
enhance the physiological performance 
through appropriate cell–cell and cell–
matrix interactions, further enhancing 
biological functions(2)
WWW.researchgate.net
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Three-Dimensional Cell Cultures
Recent advances in cell biology, microfabrication 
techniques,
and tissue engineering have enabled the development of a 
wide range of 3D cell culture technologies.(3)
WWW.BIOTEK.COM
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are used to restore the morphological, functional, and 
microenvironmental features of human tissues and 
organs, drug discovery, disease modeling, target 
identification and validation, screening, and drug 
efficacy and safety assessment(3)
Three-Dimensional Cell Cultures
WWW.RESEARCHGATE.NET
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Three-Dimensional Cell Cultures
spheroids
organoids
scaffolds
Microfluidic chips
3D Bio printing
3D Cell 
Culture 
Techniques(3)
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Microfluidics Methods
The science and technology of systems that process or 
manipulate small amounts of fluids, using channels with 
dimensions of tens to hundreds of micrometers
offers an extensive toolbox that may be useful for 
developing novel, more representative in vitro 
models for RM* research(1)
*regenerative medicine Captured from: www.Elveflow.com
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Microfluidics Methods
Microfluidic devices 
have already been 
used as platforms for 
cell-based screens, in 
particular for studying 
fundamental 
biological processes 
and for drug testing(1)
Captured from: www.Elveflow.com
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Microfluidics Methods
Two main focus areas 
of microfluidics-based 
approaches to better
understand human 
biology are:
(1) providing high-throughput
single cell analysis to measure 
heterogeneity of cellular 
responses
(2) providing an in vivo 
mimic to account for the 
dynamic and complex nature 
of the human body(4)
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microfluidic systems 
In regenerative medicine
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microfluidic cell
culture devices have 
been used for 
applications such 
as:(5)
diagnostics
immunology
cancer 
studies,
neurite 
guidance.
tissue 
engineering
,
drug screening
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Microfluidic technology allows dynamic cell culture in 
micro perfusion systems to deliver continuous nutrient 
supplies for long term cell culture(5)
It offers many opportunities to mimic the cell-cell and cell-extracellular
matrix interactions of tissues by creating gradient concentrations of 
biochemical signals such as growth factors, chemokines, and hormones
Microfluidics Methods
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The application of forces 
such as di electrophoresis 
(DEP), optic and magnetic
forces, enable the 
concentration, separation, 
and sorting of cells(5)
Microfluidics Methods
videos captured from : http://apland.ir/microfluidic/
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(1) compatible with microstructures and environments native to in vivo systems
Microfluidics Methods
(2) can readily create complex dynamic microscale environments to mimic 3D in vivo 
environments, such as a complex chemical gradient. 
(3) It requires only a small amount of samples, and the reagent consumption is low, which 
significantly reduces costs in bioanalysis, drug discovery and development
(4) Some substrates like polydimethylsiloxane (PDMS) used in microfluidic
devices are permeable to O2, an important factor influencing cell proliferation
(5) can integrate multiple steps such as cell culture, cell sampling, fluid control, cell capture, 
cell lysis, mixing, and detection on a single device(6)
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based on the substrates used for microdevice fabrication 
We can categorize Different microfluidic platforms: 
glass/silicon
-based
polymer-
based
paper-
based
Microfluidics Methods
PDMS*-
based
*polydimethylsiloxane, a polymeric substrate for microfluidic devices.
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in order to improve quality of the RM research models, it is important to both 
mimic the cell-biological microenvironment which presents a high level of 
confinement and to incorporate soluble or surface-bound gradients and natural 
or synthetic materials to reach a high level of tissue/organ complexity
Microfluidic devices present a high level of confinement, which resembles 
the environment cells experience in vivo.(1)
Microfluidic systems
25Microfluidic systems(1)
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3D cell culture supporting systems in microfluidics: 
(6)
Gel-supported Gel-free
Collagen Micro-wells
Fibrin Inter-cellular
polymeric linkers
Hyaluronic acid
Matrigel
Fibronectin
Agarose
poly(ethylene glycol)
diacrylate (PEGDA)
27
(6)
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Vukasinovic et al developed a 
microfluidic perfusion platform 
that allows reproducible
culturing of tissue equivalents
within dynamically controlled 
environments. This platform
had potential applications in 
regenerative medicine(7)
Organ-on-a-chip: engineered tissue-based applications
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Gottwald et al described a chipbased
platform for the in vitro generation 
of tissues in three-dimensional 
organization(8)
Organ-on-a-chip: engineered tissue-based applications
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Whitesides and his co-workers 
combined the advantages of 
microfluidic systems with the 
versatility of modular tissue 
engineering(9)
Organ-on-a-chip: engineered tissue-based applications
32Organ-on-a-chip: engineered tissue-based applications
DR.ALISON  et al 
developed a chip-based 
system to create an 
artificial “tissue 
construct(10) 
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1) tough access to cultivated cells in microsystems and complicated sampling from 
microsystems 
2)development of methods and devices dedicated to in vivo-like cell metabolism and functions
study, and drug discovery challenges
3)Biology laboratories usually lack microfabrication instrumentation,
4)Biologists usually expect high throughput assay tools that can provide high reproducibility, 
but microfluidics often meet technical problems to meet such needs from biologist, though 
parallel assays could be possible.
Although microfluidic 3D cell culture provides great potential for biomedical 
applications and tissue engineering, it also faces many challenges(6):
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In the near future…
we expect new research 
in microfluidic 3D cell 
culture to extend in two 
directions:
the formulation of cost-effective 
and easy-to-use microfluidic 3D 
cell culture systems
the integration of complicated 
microsystems that can closely 
mimic invivo conditions.
conclusion
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